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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a transmission and 
reflection type liquid crystal display device with improved display 
brightness in a transmission mode. 

SOLUTION: The liquid crystal display device can display both in a 
transmission mode and in a reflection mode, and is equipped with a 
liquid crystal display panel 100 having a liquid crystal layer 23 
provided between a first substrate 1 0 and a second substrate 1 1 , 
and an illumination device 50 disposed in the first substrate 10 side 
of the liquid crystal display panel. The liquid crystal display panel 
100 has a reflection region to reflect the incident light from the 
liquid crystal layer 23 side and a transmission region to transmit 
the incident light from the illumination device 50 side in each pixel 
region. A collimating element 52 and a light-condensing element 54 
are further disposed in this order from the illumination device 50 
side between the liquid crystal layer 23 side of the first substrate 
10 and the illuminating device 50. The spread angle of the diffused 
light emitted from the illumination device 50 is decreased by the 
collimating element 52, and the diffused light with a decreased 
spread angle is condensed to the transmission region of the liquid 
crystal panel by the condensing element 54. 
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A. Relevance of the Above-identified DoGument 

The following is a partial English translation of 
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that may be relevant to the issue of patentability of the 
claims of the present application. 

[EMBODIMENTS OF THE INVENTION] 
[0032] 

Conversely, when a voltage is not applied to the 
liquid crystal layer 23 between the reflective electrodes 15 
and the opposing electrode 18, liquid crystal molecules in 
the liquid crystal layer 23 remains aligned parallel to the 
substrate surface. Thus, circularly polarized light incident 
on the liquid crystal layer 23 is elliptically polarized due 
to the birefringence in the liquid crystal layer 23, and 
reflected at the reflective electrodes 15. The reflected 
elliptically polarized light further changes its direction of 
polarization axis as it passes through the liquid crystal 
layer 23 again. Thus, even when the light is transmitted 
through the quarter wave plate 21, the elliptically 
polarized light will not become linearly polarized light 
having its polarization direction orthogonal to the 
polarization axis of the polarizer 22. Thus, (a portion of) 

I 



the elliptically polarized light is transmitted through the 
polarizer 22. When a gap dr between the reflective 
electrodes 15 and the opposing electrode 18 is adjusted so 
that a phase difference of the liquid crystal layer 23 
(thickness dr) satisfies a quarter wavelength condition, a 
total phase difference of the quarter wave plate 21 and the 
liquid crystal layer 23 (a phase difference for light 
transmitting through each of the quarter wave plate 21 
and the liquid crystal layer 23 twice) satisfies a single 
wavelength condition (integer multiple of wavelength). 
Therefore, when the light reaches the polarizer 22, the 
polarization direction of the lineally polarized light 
becomes parallel to the polarization axis of the polarizer 
22. Thus, when the liquid crystal layer 23 satisfies the 
condition, the amount of light transmitting through the 
polarizer 22 becomes maximum. That is, display 
brightness in white display becomes maximum. 
[0033] 

By controlling an applied voltage across the reflective 
electrodes 15 and the opposing electrode 18 and thereby 
changing an (apparent) birefringence of the liquid crystal 
layer 23, it is possible to change the amount of light, 
which is reflected at the reflective electrodes 15, 
transmitting through the polarizer 22. Thus, gradation 
display can be realized. 
[0034] 

a. 
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(Transmissive mode) By passing through the 
polarizer 20, light emitted from an illuminating device (not 
shown) provided at the back of the liquid crystal display 
panel 100 (lower part of Fig. 2) is linearly polarized with 
its polarization direction parallel to the polarization axis 
(transmission axis) of the polarizer 20. The linearly 
polarized light is incident on the quarter wave plate 19 
provided to create a 45-degree angle difference between 
the polarization axis and a slow phase axis of the 
polarizer 20, The light is circularly polarized as it passes 
through the quarter wave plate 19. When a voltage is 
applied to the liquid crystal layer 23 between the 
transparent electrodes 13 and the opposing electrode 18, 
liquid crystal molecules having positive dielectric 
anisotropy are aligned in a direction substantially vertical 
to the surface of the substrate. In such an aligned state, 
the refractive index anisotropy of the liquid crystal layer 
23 for the light incident from a direction normal to the 
substrate is extremely small, and as such the phase 
difference caused by the light transmitting though the 
liquid crystal layer 23 is nearly zero. Therefore, the 
circularly polarized light incident on the liquid crystal 
layer 23 is transmitted through the liquid crystal layer 23 
in a circularly polarlized state, and incident on the 
quarter wave plate 21. The elliptically polarized light 
incident on the quarter wave plate 21 is linearly polarized 
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with its polarization direction orthogonal to the 
polarization axis of the polarizer 22 and absorbed by the 
polarizer 22. Thus, the light is not transmitted through 
the polarizer 22. Therefore, when a voltage is applied to 
the liquid crystal layer 23 between the transparent 
electrodes 13 and the opposing electrode 18, black display 
is carried out. 

[0035] 

Conversely, when no voltage is applied to the liquid 
crystal layer 23 between the reflective electrodes 13 and 
the opposing electrode 18, liquid crystal molecules in the 
liquid crystal layer 23 remain aligned parallel to the 
substrate surface. Therefore, circularly polarized light 
incident on the liquid crystal layer 23 is elliptically 
polarized due to the birefringence of the liquid crystal 
layer 23. Accordingly, even when the light is transmitted 
through the quarter wave plate 21, the elliptically 
polarized light will not become linearly polarized light 
having its polarization direction orthogonal to the 
polarization axis of the polarizer 22. Thus, (a portion of) 
the elliptically' polarized light is transmitted through the 
polarizer 22. When a gap dt between the transparent 
electrodes 13 and the opposing electrode 18 is adjusted so 
that a phase difference of the liquid crystal layer 23 
(thickness dt) satisfies a quarter wavelength condition, a 
total phase difference of the quarter wave plate 2 1 and the 



liquid crystal layer 23 satisfies a single wavelength 
condition (integer multiple of a wavelength). Therefore, 
when the light reaches the polarizer 22, the polarization 
direction of the lineally polarized light becomes parallel to 
the polarization axis of the polarizer 22. Thus, when the 
liquid crystal layer 23 satisfies the condition, the amount 
of light transmitting through the polarizer 22 becomes 
maximum. That is, display brightness in white display 
becomes maximum. 
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□ IMACT^^etJT OFF AT TOP, BOTTOM OR SmES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY/^ALE DOCUMENTS 



□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




LfBNES OR MARKS ON ORIGINAL DOCUMENT 



